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An experiment was conducted to investigate the eﬀect of screw speed, inclination angle and variety on the required power,
and conveying capacity of a screw conveyor. The experiment was designed with four levels of screw speed (600, 800, 1000, and
1200rpm), ﬁve levels of inclination angle (0, 20, 40, 60, and 80◦), and three levels of variety (Alikazemi, Hashemi, and Khazar).
TheLength,diameter,andpitchofscrewwere2,0.78,and0.5m,respectively.Theexperimentaldesignwasarandomizedcomplete
block (RCB) with factorial layout. Maximum and minimum power requirements of tested screw conveyor were 99.29 and 81.16
Watt corresponding to conveying capacity of 3.210 and 1.975ton/hour obtained for khazar and Alikazemi varieties, respectively.
The results indicated that as screw inclination angle increased from 0 to 80◦, the conveying capacity decreased signiﬁcantly from
3.581 to 0.932t/h. It can be concluded that the most conveying capacity was 4.955t/h at tests with khazar variety and conveyor
inclination angle zero degree.
1.Introduction
Rice is one of the commonly consumed cereals and food
staples for more than half of the world’s population. It is an
important source of energy, vitamins, mineral elements, and
rare amino acids. World rice production increased from 520
million tons in 1990 to 605 million tons in 2004, while Iran’s
rice production increased from 1.3 million tons in 1980 to
3.4 million tons in 2004 [1].
Applicationofengineeringprinciplesforreducingenergy
requirement in the form of mechanical and electrical power
is necessary to reduce cost of production (http://www.crri
.nic.in/Research/Divisions/Engineering.htm). Eﬃcient rice
conveying implements are to be used to achieve energy
savings. Screw Conveyers (augers) are used to convey free
ﬂowing materials such as grain to more diﬃcult ﬁbrous ma-
terials such as straw and alfalfa. At gain elevators and on the
farmstead,augersareusedtomovegraintoandfromstorage.
Intheseapplications,theconveyorconsistsofarotatingshaft
which carries a helicoid ﬂighting through a stationary tube.
Factors aﬀectingcapacityincludeaugerdimen-sions(diame-
ter, auger geometry), shear-plane ﬂighting orientation, auger
speed, angle of inclination, commodity being conveyed, and
entrance-opening conﬁguration [2].
Nicolai et al. [2] investigated the capacity, volumetric
eﬃ-ciency, and power requirements for a 20cm and a 25cm
di-ameter conveyor and operating in a speed range of 250 to
1100rpmatinclinationanglesof13,20,and30◦.Theyfound
that increasing the conveyor speed increased the capacity up
to a maximum value, and further increases in speed caused a
decrease in capacity. The screw speed for maximum capacity
averaged 823rpm for both 20cm (8in) and 25cm (10in)
diameter of the conveyor. Volumetric eﬃciency decreased an
average of 3% for every 100rpm increase in conveyor screw
speed. Changing the conveyor inclination angle did not
aﬀect the volumetric eﬃciency relative to the screw speed.2 The Scientiﬁc World Journal
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Figure 1: Tested screw conveyor at two conditions of (a) horizontal and (b) inclination angle of 40◦.
Power requirements per conveyor screw speed were eﬀected
by inclination angle up to 20◦ but not for inclination angles
greater than 20◦.
Zareiforoush et al. [3, 4] designed and evaluated a screw
conveyor for one rice variety, namely, Hashemi. They found
that the speciﬁc power requirement of the screw conveyor
increasedwithincreasingthescrewclearanceand screwrota-
tional speed. The net power requirement of the conveyor in-
creased with increasing the screw rotational speed; whilst the
value decreased with increasing the screw clearance. As the
rotational speed of the screw conveyor increased, the actual
volumetric capacity increased up to a maximum value and
further increases in speed caused a decrease in capacity. With
increasingthescrewclearanceandscrewrotationalspeed,the
volumetric eﬃciency of the screw conveyor decreased.
In recent times, performance-test procedure develops for
screw conveyors designed for diﬀerent agricultural grains
products which characterize conveying capacity, volumetric
eﬃciency,andpowerrequirement.Sincegrainpropertyvari-
ation is wide, especially when considering variety diﬀerence,
rice cannot be considered to have uniform properties [5].
In other words, variation in rice-milling quality could be
as a result of variation in its physical properties [6]. So,
mechan-ical and physical properties of diﬀerent rice varieties
areimportantinoptimumdesignofmachineryforhandling.
However, a few screw conveyor concern diﬀerent rice varie-
ties type. Clearly, conveying capacity and requirement power
of screw conveyor with respect to conveying materials char-
acteristicsarequitediﬀerentfromthoseofagriculturalgrains
products. There are still improvements to be made for higher
accuracy and reliability of screw conveyor. Therefore, an ex-
periment was developed with the following objectives:
(1) to evaluate the eﬀects of variety, screw rotational
speed,andinclinationangleontherequirementpow-
er and conveying capacity;
(2) to optimize conveying capacity and power require-
ment of the screw conveyor with respect to the con-
veying materials characteristics.
2.MaterialsandMethods
An experiment was conducted at Agricultural Machinery
Department, Ardabil (Iran), a facility of University of
Mohaghegh Ardabili, to investigate the eﬀect of screw speed,
inclination angle and variety on the required power and
conveying capacity of a screw conveyor. The experiment
was designed with four levels of screw speed (600, 800,
1000 and 1200rpm), ﬁve levels of inclination angle (0, 20,
40, 60, and 80◦), and three levels of variety (Alikasemi,
Hashemi, and Khazar). The experimental design was a ran-
domized complete block (RCB) with factorial layout at
four replications. For means comparison, Duncan’s Multiple
Range Test was used.
Thelengthofscrew,screwpitch,anddiameterwere2000,
50, and 78mm, respectively. The clearance between screw
and tube is 6mm, which was developed by Iranian Ashtad
cooperative company (Figure 1). A three-phase electromotor
(3HP)wasusedfordrivingthescrewshaft.Moisturecontent
of paddy Grain was 12 to 13% (w.b.) in all varieties.
An inverter, a rotational speed gauge, and a digital
wattmeter were used for continuously determining the
variable transmission of screw shaft, the screw rotational
speed, and the electromotor electrical power, respectively.
The wattmeter was connected to a personal computer for re-
cording and displaying the power data during the tests so
that power consumption variations were graphically visible
on monitor during the experiments. Each test was started by
pouring 30kg paddy grain into the input section. After a few
seconds of unloading grain at outlet section, a container was
directed towards the discharge, and then discharged grain
mass was weighted. The time of purring of paddy grain into
the container was between 10 and 12 seconds. Conveying ca-
pacity data was recorded every second for future analyzing.
3. Results and Discussion
3.1. Power Requirement. The analysis of variance of power
requirement and conveying capacity is presented in Table 1.
The results showed that the main and interactions’ eﬀectsThe Scientiﬁc World Journal 3
Table 1: Variance analysis of power requirement and convening capacity.
Variation sources
Power requirement (watt) Conveying capacity
Freedom degree Square mean F ratio Square mean F ratio
Replication 3 153 2.930ns 0.113 1.274ns
Variety (V) 2 8635 165.451∗∗ 30.88 387.70∗∗
Error 6 52 0.089
Inclination angle (α.) 4 23626 260.637∗∗ 68.11 1275.37∗∗
Interactions (V ×α) 8 1762 19.43∗∗ 0.053 56.22∗∗
Error 36 90 5.833
Screw speed (N) 3 56790 610.08∗∗ 0.203 129.8∗∗
Interactions (V ×N) 6 390 4.196∗∗ 0.914 4.62∗∗
Interactions (α ×N) 12 1942 20.86∗∗ 0.515 20.34∗∗
Interactions (V ×α×N) 24 1575 16.92∗∗ 0.045 11.44∗∗
Error 135 93
Total 239 376298
∗∗Signiﬁcant at less than 1% probability levels, ns: not signiﬁcant.
Table 2: The mean comparisons of variety, screw speed, and inclination angle on power requirement and conveying capacity.
Varieties Screw speed (rpm) Inclination angle (degree)
Alikazemi 81.16 b 600 46.93 d 0 127.8 a
Hashemi 81.41 b 800 81.56 c 20 87.28 b
Power requirement
(Watt) Khazar 99.29 a 1000 118.0 a 40 18.59 e
1200 102.7 b 60 28.11 d
80 54.42 c
Alikazemi 1.975 c 600 2.102 c 0 3.581 a
Hashemi 2.484 b 800 2.621 b 20 3.532 a
Conveying capacity
(t/h) Khazar 3.210 a 1000 2.803 a 40 3.062 b
1200 2.697 b 60 1.672 c
80 0.932 d
Dissimilar letters show diﬀerent signiﬁcantly at probability level %5.
of variety, screw rotational speed, and inclination angle were
signiﬁcant (P<1%).
Means comparison results of the main eﬀects revealed
that power requirement of Khazar variety was more than
others (Table 2). The reason may be due to the diﬀerences
among the bulk density and friction coeﬃcients of varieties.
This is in agreement with the work of Ray [7]a n dR o b e r t s
[8], who found that power requirement varies with physical
properties of agricultural grains. By increasing the screw
speed from 600 to 1000rpm, the power requirement was in-
creased and a further increase up to 1200rpm decreased the
power requirement. The reason was that at speeds higher
than 1000, centrifugal force prevents axial movement of the
grains, and therefore the power requirement is reduced [9].
With increasing of inclination angle up to 40◦, the power re-
quirement decreased signiﬁcantly because of the decrease in
the conveying capacity. As inclination angle increased from
40 to 80◦, power requirement increased. The reason may
be due to paddy grains returning and compacting into the
tube. Therefore, friction force and even the amount of grains
damage increases. A similar result was obtained by Zareifor-
oush et al. [5].
Mean comparison results of interaction eﬀects of variety
and inclination angle are shown in Figure 2. With increasing
inclination angle from 0 to 40◦ at tests with Alikazemi and
Hashemi varieties, power requirement has been increased
signiﬁcantly.Butwithfurtherincreaseininclinationangleup
to 80◦, power requirement decreased signiﬁcantly. With in-
creasing inclination angle from 20 to 60◦ at tests with Khazar
variety, power requirement mean was decreased.
Mean comparison results of interaction eﬀects of variety
and screw speed are showed in Figure 3.A tt e s t e sw i t ha l l
varieties, power requirement increased as screw speed in-
creasedupto1000rpm.Themaximumandminimumpower
requirements were 123.52 and 38.22W, which was obtained
attestswithKhazarvarietyatscrewspeed1000rpmandwith
Alikazemi at screw speed 600rpm, respectively.
Meancomparisonresultsofinteraction eﬀectsofinclina-
tion angle and screw speed are showed in Figure 4.F o re a c h4 The Scientiﬁc World Journal
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Figure 2: Mean comparison results of interaction eﬀects of variety
andinclinationangleonpowerrequirement(dissimilarlettersshow
diﬀerent signiﬁcantly at probability level %5).
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Figure 3: Mean comparison results of interaction eﬀects of variety
and screw speed on power requirement (dissimilar letters show
diﬀerent signiﬁcantly at probability level %5).
angle, power requirement was signiﬁcantly increased with
increasing screw speed up to 1000rpm. The lowest power re-
quirement was obtained at 80◦ inclination angle for all levels
of the screw rotational speed due to the lowest amount of
conveying. A similar result was obtained by Srivastava et al.
[9].
Mean comparison results of interactions between three
factors revealed that the most power requirement mean
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Figure 4: Mean comparison results of interaction eﬀects of
inclination angle and screw rotational speed on power requirement
(dissimilar letters show diﬀerent signiﬁcantly at probability level
%5).
was 156.88W at tests with Khazar variety, screw speed of
1000rpm, and inclination angle of 60◦.
3.2. Conveying Capacity. Analysis of the variance of data
obtained from measuring conveying capacity was presented
in Table 1. The results showed that the main and interactions
eﬀects of variety, screw rotational speed, and inclination
angle were signiﬁcant (P<1%). These results conform to
the obtained ﬁndings of the researchers in the study of screw
conveyor performance [7, 9]. Theoretical capacity of a screw
conveyor has conﬁrmed a direct relationship with screw
rotational speed. The other factors aﬀecting the conveying
capacity are grain bulk density and internal and external
friction that may have diﬀerent values in the paddy grain
varieties. By increasing of conveyor inclination angle, weight
force of grain mass prevents from the axial movement of
grain mass in tube, so the conveying capacity results are
reduced. Such trends in the conveying capacity have also
been observed in a study of conveyor inclination angle [8].
Means comparison results of variety eﬀects on conveying
capacity was signiﬁcant (P< 5%). The highest and lowest
conveying capacity was allocated to Khazar and Alikazemi
varieties, respectively. By increasing screw speed from 600 to
1000rpm,conveyingcapacitywasincreasedsigniﬁcantlyand
then decreased at test with screw speed 1200rpm. Similarly,
this case had happened for power requirement. By increasing
screw inclination angle from 20 to 80◦, conveying capacity
decreased signiﬁcantly from 3.352 to 0.932t/h, respectively.
In horizontal state, the screw conveyor had been the greatest
amount of 3.581t/h of conveying capacity. Similar results
were obtained by Ray [7] and Srivastava et al. [9].The Scientiﬁc World Journal 5
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Figure 5: Mean comparison results of interaction eﬀects of
variety and conveyor inclination angle on the conveying capacity
(dissimilar letters show diﬀerent signiﬁcantly at probability level
%5).
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Figure 6: Mean comparison results of interaction eﬀects of variety
and screw rotational speed on the conveying capacity (dissimilar
letters show diﬀerent signiﬁcantly at probability level %5).
Mean comparison results of interaction variety and
conveyor inclination angle revealed that at tests with all vari-
eties,conveyingcapacityreducedsigniﬁcantlybychangingof
conveyorinclinationanglefrom0to80◦.IntestswithKhazar
variety, by changing screw speed from 800 to 1200rpm,
conveying capacity was not signiﬁcantly changed (Figure 5).
Mean comparison results of interaction eﬀects of variety
and screw speed were shown in Figure 6.A tt e s t e sw i t ha l l
varieties,conveyingcapacityhasbeenincreasedbyincreasing
screw speed up to 1000rpm except in Khazar variety. The
maximumandminimum conveyingcapacitieswere3.40and
1.52t/h, which were obtained at tests with Khazar variety
at screw speed 800rpm and with Alikazemi at screw speed
600rpm, respectively.
Mean comparison results of interaction eﬀects of three
factors showed that the most conveying capacity of 4.955t/h
was obtained at tests with Khazar variety, conveyor inclina-
tion angle 0 degree, and screw rotational speed 1000rpm.
4. Conclusions
(1) The main eﬀects of variety, conveyor inclination
angle, and screw rotational speed and their inter-
actions were signiﬁcant on power requirement and
conveying capacity. Maximum and minimum power
requirements of tested screw conveyor were 99.29
and 81.16 Watt corresponding to conveying capacity
of 3.210 and 1.975t/h obtained for khazar and
Alikazemi varieties, respectively.
(2) The most and least power requirement, and convey-
ing capacity were obtained at screw rotational speeds
of 1000rpm and conveyor inclination angle of 40◦,
respectively. By increasing the conveyor inclination
anglefrom0to80◦,conveyingcapacitywasdecreased
signiﬁcantly from 3.581 to 0.932t/h. Generally, the
most conveying capacity was 4.955t/h at tests with
khazar variety and zero inclination angle degree.
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